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Tfie Relationship of Surfactant Chemical Structure to Foaming in Aqueous Solution 209 

suggested by the existence of persistent foam in cases where the film 
is known not to have great surface viscosity — and this is true of 
foaming solutions of purified surface-active agents, where it is known 
that the surface films are not particularly coherent. In these cases, it 
has been suggested that when the film becomes very thin (<0.2 (im 
or 200 nm), stability is obtained chiefly because of the electrical 
repulsion between the ionic double layers associated with the 
adsorbed ionic surfactant on the two sides of the liquid film. Since 
the addition of electrolyte to the foaming solution causes com- 
pression of the electrical double layers associated with the surface 
films, such addition decreases their mutual repulsion. This is believed 
to account for the decreased thickness of liquid films with increase in 
their electrolyte content (Davies, 1963) and for the decreased 
stability of many foams on the addition of electrolyte. 



III. THE RELATIONSHIP OF SURFACTANT CHEMICAL STRUCTURE TO 
FOAMING IN AQUEOUS SOLUTION 

In foaming as in other surface properties, correlations between 
surfactant structure and foaming in aqueous solution require a 
distinction between the efficiency of the surfactant, its bulk phase 
concentration required to produce a significant amount of foam, and 
its effectiveness, the maximum foam height obtained with the 
surfactant solution regardless of its concentration. Distinction must 
also be made between foam production, measured by the height of 
the foam initially produced, and foam stability, the height after a 
given amount of time. Therefore in comparing the foaming proper- 
ties of different surfactants, the term foaming ability must be clearly 
defined. In addition, such conditions as the method used to produce 
the foam, the temperature of the solution, the hardness of the water 
used, and its electrolyte content must all be specified. Since most of 
the foaming data on surfactants with clearly defined structures have 
been obtained by use of the Ross-Miles method (Ross, 1953), the 
structural correlations discussed here are based mainly on data 
obtained by what method. 

In the Ross-Miles method, 200 ml of a solution of surfactant 
contained in a pipette of specified dimensions with a 2.9 mm I.D. 
orifice are allowed to fall 90 cm onto 50 ml of the same solution 
contained in a cylindrical vessel maintained at a given temperature 
(often 60°C) by means of a water jacket. The height of the foam 
produced in the cylindrical vessel is read immediately after all the 
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Table 7-2. Foaming Effectiveness of Aqueous Surfactant Solutions (Ross-Miles Method 0 ) 



Surfactant 



Cone. (%) Temp. (°C) 



Foam Height (mm) 
Distilled Water 300 ppm CaC0 3 
After 

Initial Time (min) Initial 



Reference 



C 12 H 25 OS0 3 ~Na + 

C 12 H 25 S0 3 ~Na + 

C 14 H 29 OS0 3 -Na + 

C 14 H 29 S0 3 -Na + 

C 16 H 33 OS03^Na + 

^16^ 33 S0 3 K + 

C 18 H 37 OS0 3 ~Na + 

Sodium oleyl sulfate 

Sodium elaidyl sulfate 

Ci 2 H 25 OCH 2 CH(CH 3 )OS0 3 - Na + 

C 14 H 29 OCH 2 CH(CH 3 )OS0 3 -Na + 

Ci 4 H 29 [OCH 2 CH(CH 3 )] 2 OS0 3 "*Na + 

Ci 6 H 33 OCH 2 CH(CH 3 )OS0 3 ~Na + 
C a8 H 37 OCH 2 CH(CH 3 )OS0 3 "Na + 
Ci 8 H 37 OCH 2 CH 2 OS0 3 -Na + 

o-C 8 H 17 C 6 H 4 S0 3 _ Na + 

p-C 8 H 27 C 6 H 4 S0 3 ""Na + 

p-C 8 H 17 C 6 H 4 S0 3 "Na + 

o-C 9 H 19 CH(CH 3 )C 6 H 4 S0 3 -Na + 

p-C 9 H 19 CH(CH 3 )C 6 H 4 S0 3 -Na + 



n 9^ 


oU 


220 


175(5) 


240 b 


0.25 


60 








0.25 


60 


231 


184(5) 


246 6 


0.11 


60 


— 


214(1) 




0.25 


60 


245 


240(5) 


178 b 


0.033 


60 


— 


233(1) 




0.25 


60 


227 


227(5) 


151 b 


0.25 


60 


246 


240(5) 


226 b 


0.25 


fin 


94 <l 


9/11 /p;^ 


OA ob 

202 


0.25 


60 


200 






0.25 


60 


215 






0.25 


60 


210 






0.25 


60 


200 






0.25 


60 


160 






0.25 


60 


160 






0.15 


60 


148 






0.15 


60 


134 






0.25 


60 


150 






0.15 


60 


165 






0.15 


60 


162 
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Weil, 1966, 1954 
Rosen, 1969 
Weil, 1954 
Rosen, 1969 
Weil, 1966, 1954 
Rosen, 1969 
Weil, 1954 

Weil, 1954 
Weil, 1954 
Weil, 1966 
Weil, 1966 
Weil, 1966 

Weil, 1966 
Weil, 1966 
Weil, 1966 

Gray, 1965 
Gray, 1965 
Gray, 1955 
Gray, 1965 
Gray, 1965 



o-Ci 2 H 25 C 6 H 4 S0 3 ~Na + 


0.15 


60 


206 






Gray, 1965 


o-Ci 2 H 25 C 6 H 4 S0 3 ~Na + 


0.25 


60 


208 






Gray, 1955 


P-Ci2H 25 C 6 H 4 S0 3 ~Na + 


0.15 


60 


201 






Gray, 1965 


C 10 H 21 CH(CH 3 )C 6 H 4 SO 3 ^Na + 


0.25 


60 






245 


Smith, 1966 


o-C 11 H 23 CH(CH 3 )C 6 H 4 S0 3 Na + 


0.15 


60 


190 






Gray, 1965 


P-Ci iH 23 CH(CH 3 )C 6 H 4 SOrNa + 


0.15 


60 


210 






Gray, 1965 


p-CnH^CHtCHaJCeH^orNa* 


0.25 


60 


218 






Gray, 1955 


p-C 7 H 15 CH(C 4 H 9 )C 6 H 4 S0 3 -Na + 


0.15 


60 


219 






Gray, 1955 


p-C 7 H 15 CH(C 4 H 9 )C 6 H 4 S0 3 _ Na + , 


0.25 


60 


230 






Grayi 1955 


C 12 H 25 CH(CH 3 )C 6 H 4 S0 3 -Na + 


0.25 


60 






80 


Smith, 1966 


C 14 H 29 CH(CH 3 )C 6 H 4 S0 3 -Na + 


0.25 


60 






10 


Smith, 1966 


o-Ci 5 H 31 CH(CH 3 )C 6 H 4 S0 3 - Na + 


0.15 


60 


105 






Gray, 1965 


p-C 15 H 31 CH(CH 3 )C 6 H 4 S0 3 -Na + 


0.15 


60 


129 






Gray, 1965 


C 16 H 33 CH(CH 3 )C 6 H 4 S0 3 "Na + 


0.25 


60 






0 


Smith, 1966 


CH 3 CH(S0 3 "Na + )COOC 14 H 29 

C 2 H 5 CH(S0 3 -Na + )COOC 12 H 25 

C 7 H 15 CH(S0 3 ~Na + )COOC 8 H 17 

C 10 H 21 CH(SO 3 ~Na + )COOC 4 H 9 

C 10 H 21 CH(S0 3 -Na + )COOC 5 H 11 


0.25 


60 


220 




240 


Stirton, 1962 


0.25 


60 


200 




225 


Stirton, 1962 


0.25 


60 






185 


Weil, 1960 


0.25 


60 


220 




230 


Stirton, 1962 


0.25 


60 


220 




235 


Stirton, 1962 


Ci 4 H 29 CH(S0 3 ~Na + )COOCH 3 

C 14 H 29 CH(S0 3 ~Na + )COO"Na + 

C 14 H 29 CH(S0 3 ~Na + )COOC 2 H 5 

Ci 3 H 27 C(CH 3 )(S0 3 "Na + )COOCH 3 

Ci 6 H 33 C(CH 3 )(S0 3 ""Na + )COOCH 3 

Ci 8 H 37 C(CH 3 )(S0 3 -Na + )COOCH 3 

C 8 H 17 C(C 8 H 17 )(S0 3 ~Na + )COOCH 3 


0.25 


60 


210 


200(5) 


225 


Stirton, 1962 


0.25 


60 


175 


165(5) 


125 


Micich, 1966 


0.25 


60 


210 




215 


Stirton, 1962 


0.25 


60 


180 


160(5) 


200 


Micich, 1966 


0.25 


60 


175 


165(5) 


35 


Micich, 1966 


0.25 


60 


140 


130(5) 


30 


Micich, 1966 


0.25 


60 


210 


200(5) 


215 


Micich, 1966 


C 8 H 17 C(C 8 H 17 )(S0 3 ~Na + )COO^Na + 
C 8 H 17 C(C 6 H 13 )(S0 3 ~Na + )COOCH 3 


0.25 


60 


0 


0 


95 


Micich, 1966 


0.25 


60 


204 


190(5) 


213 


Micich, 1966 


C 8 H 17 C(C 4 H 9 )(S0 3 _ Na + )COOCH 3 


0.25 


60 


170 


5(5) 


200 


Micich, 1966 
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Table 7-2. (Continued) 



Foam Height (mm) 



Surfactant 



Distilled Water 



Cone. (%) Temp. (°Q Initial 



After 
Time (min) 



300 ppm CaC0 3 



Initial 



Ci 2 H 26 0(C 2 H 4 0) a5 H 0.25 60 

Ci 2 H 25 O(C 2 H 4 O) 20 H o.25 60 

Ci 2 H 25 0(C 2 H40)33H 0.25 60 

Ci 6 H330(C 2 H40)i5H 0.25 60 

Ci 6 H330(C 2 H 4 0) 2 oH 0.25 60 

Ci 6 H330(C 2 H 4 0)3oH 0.25 60 

Ci8H 37 0(C 2 H 4 0) 15 H 0.25 60 

Ci 8 H 37 0(C 2 H 4 0) 21 H 0.25 60 

Ci8H 37 O(C 2 H 4 0)3 0 H 0.25 60 

Ci8H 35 0(C 2 H 4 0) 15 H c 0.25 60 

Ci 8 H 35 O(C 2 H 4 0) 20 H c 0.25 60 

Ci8H 3 50(C 2 H 4 0) 31 H c 0.25 60 

^-C 9 H 19 C 6 H 4 0(C 2 H 4 0) 8 H 0.10 25 

^ 9 H 19 C 6 H 4 0(C 2 H 4 0) 9 H 0.10 25 

^CgH^Ce^OCC^On^nH 0.10 25 

^C 9 H 19 C 6 H 4 0(C 2 H 3 0) 13 H 0.10 25 

^C 9 H 19 C 6 H 4 0(C 1 H 4 0) 20 H 0.10 25 

^ 23 H 25 S(C 2 H 4 O) 9 _ 10 H 0.30 43 



55 
80 
110 
130 
120 
215 



a J. Ross and G. D. Miles, Am. Soc. 
b 0.11 in 100 ppm CaC0 3 . 



45(5) 
60(5)' 
80(5) 
110(5) 
110(5) 
35(10) 



197 
195 
180 
153 
167 
149 
165 
152 
115 
140 
160 
140 



220 d 



Reference 



Wrigley, 1957 ^ 
Wrigley, 1957 
Wrigley, 1957 
Wrigley, 1957 
Wrigley, 1957 
Wrigley, 1957 
Wrigle^, 1957 
Wrigley, 1957 
Wrigley, 1957 
Wrigley, 1957 
Wrigley, 1957 

Wrigley, 1957 

GAF, 1965 

GAF, 1965 

GAF, 1965 

GAF, 1965 

GAF, 1965 

Pennsalt, 1956 



c From oleyl alcohol. 
d 150 ppm hard water. 



Testing Materials, Method D1173-53, Philadelphia, Pa., 1953; Oil and Soap 18, 99 (1941). 
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surfactants decreases to a very small volume in a few minutes 
Kuwamura 1972). Placing methyl groups at the ends of the 
po~Mene chains away from the h^rophob.c group^ these 
case", too, produces even lower foam volumes and Mtojm sUbUt.es. 
together with larger surface areas per molecule (Takahash., 1973). 

IV. FOAM-STABILIZING ORGANIC ADDITIVES 

The foaming properties of surfactant solutions can be modifed 
«eatly Ty fhe presence or addition of other organ.c materials^ 
Sons that show excellent foaming properties can be converted to 
foTor nonfoaming materials and those that show poor foammg 
orooerties can be converted to high-foaming products by the 
S* of small amounts of the proper additive. Because of it. 
Ictlcal importance, this method of modifying foammg propert.es 
hns heen extensively used and investigated. 

AddUives that increase the rate of attainment of surface tension 
eaulubrium act as foam inhibitors by decreasing film elasticity wh.le 

toe activity of the monomeric surfactant in solut.on and its rate of 
ZZSZ L the surface On the other hand, additives that cause the 
Sown o mic^rwith the consequent increase in the activity 
" f monomeric surfactant. Urease the rate of atUmmen^ofsur- . 
face tension equilibrium and decrease foam.ng (Ross MB«M£«Ur 
mechanism by means of which additwes « .£» foam 
Kv increasintf the mechanical strength of foam films, ine auil » 
fiL^Sd by solutions of highly purified surfacUnU are o^n 
weakly coherent films, containing molecules that are "'^.veiy 
w dely s£c«l because of the mutual repulsion of toe or.ented 1 polar 
h«ds iTese films are mechanically weak and nonviscous When they 

hS surface viscosity, which is slow«iraining and produces a much 
most f °eHective additive, for increasing toe stobility ot toe 
foam produced by surfactant solutions appear ^^nWdrocMton !? 



